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WOUND FLUID COLLECTING AND INDICATING DEVICE 



Cross Reference To Related Application 

This application is a 371 of PCT/GB2003/002725 filed on 25 June 2003, which 
5 claims priority benefit of GB02i4665.2 filed on 25 June 2002. 

Field of the Invention 



The present invention relates to an apparatus for collecting and mixing wound 
fluid from a plurality of locations in a wound, and for detecting the presence of a wound 
fluid marker in the collected wound fluid. 



10 Background of the Invention 



Monitoring wound healing conditions or progress using factors such as 
enzymes, growth factors, or bacterial factors, may prove to be a simple and effective 
way to determine whether a wound is infected, about to be infected, healing, static or 
regressing. This would provide important clinical benefits. 

15 It has been found that the concentration of wound factors such as certain 

proteins and glycosaminoglycans vary considerably over the area of a single chronic 
wound such as a venous ulcer, pressure sore or diabetic ulcer. This makes monitoring 
wound progress by direct sampling or analysis at single sites within the wound 
unreliable and misleading. In order to analyse a representative sample of chronic wound 

20 fluid it is possible to drain off the fluid for mixing and analysis at a remote location, but 
this is impractical, especially for wounds producing relatively little exudate such as 
chronic wounds 

The present invention provides an apparatus comprising: a distributed inlet for 
collecting and mixing wound fluid from a plurality of locations in a wound; and a 
25 sensing or indicating device for detecting the presence of a wound fluid marker in the 
wound fluid mixture. 
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By collecting wound fluid from a plurality of locations in the wound, and 
preferably from substantially the whole surface area of the wound, and analysing for the 
wound factor in situ, the invention enables a quick, global assessment of the wound 
state to be made at low cost and even for low to medium exuding wounds. 

5 

The distributed inlet preferably comprises a plurality of spaced apart inlet tubes, 
pores or capillaries joined to a manifold for combining and mixing the collected wound 
fluid. Li certain embodiments the distributed inlet is a collection of capillary tubes held 
in spaced-apart fashion in a housing, the plurality of tubes leading to a manifold that 

10 mixes and guides the liquid to the indicator device by capillary action, or under the 
influence of suction. Li other embodiments the distributed inlet may comprise an 
absorbent material that allows liquid to be collected over an extended area. The 
absorbent material must be chosen so that it does not adsorb any of the wound markers 
of interest. In these embodiments the apparatus usually comprises a suction device, 

15 such as a syringe or a pump, to draw the absorbed fluid out of the absorbent and into the 
indicator device. 

Mixing of the wound fluid from the plurality of locations preferably takes place 
in a mixing channel or chamber upstream of the indicator device, but in some 
20 embodiments it may take place at the indicator device. 

Preferably, the distributed inlet is suitable for collecting wound fluid from a 
plurality of locations located at least 1cm apart in a wound, preferably at least 2cm 
apart. Preferably, each one of the plurality of inlet tubes/pores/capillaries is spaced no 
more than about 1 cm from the next adjacent inlet tube at the surface of the apparatus, 
25 preferably no more than about 5nun from the next adjacent inlet tube. Preferably, there 
are at least 4 inlets at the surface of the apparatus for receiving wound fluid, and more 
preferably there are at least about 10 such inlets. Preferably, the inlet is adapted to take 
up wound fluid from an area of at least 4cm^, more preferably at least lOcm^. 

30 In certain embodiments the distributed inlet may be a conformable body for 

insertion into a cavity wound or a sinus. In certain embodiments the distributed inlet 
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comprises a sheet having a plurality of apertures therein for application to a topical 
wound, such as a chronic ulcer. The sheet may be conformable to cover the wound and 
the surrounding skin. The total area of the distributed inlet in the sheet form is 
preferably at least lOcm^, more preferably at least 25cm^, and most preferably at least 
5 50cm2. In certain embodiments, the distributed inlet is formed from relatively non- 
liquid-absorbent material, whereby the wound fluid flows into the apertures and to the 
analysis device without being substantially absorbed by the inlet material. In other 
embodiments, the distributed inlet may comprise liquid-absorbent material, but these 
embodiments preferably also comprise a suction device to draw the wound fluid out of 
10 the absorbent material and into the detector. The inlet may comprise a substantially 
non-absorbent cushioning material, such as a closed-cell foam. 

In certain embodiments the distributed inlet comprises a capillary collector 
device. That is to say, the apertures and inlet manifold are of sufficiently small diameter 

15 that wound fluid is withdrawn from the wound surface and mixed and drawn up to the 
analysis device by capillary action. Alternatively, or additionally, the apparatus 
according to the present invention may comprise a device for applying suction to the 
distributed inlet to draw wound fluid into the inlet and over the analysis device. Such 
suction may be applied by a hand bulb, or by conventional wound drainage suction 

20 apparatus, or by applying a higher vacuum to the wound (which also assists wound 
healing), for example as described in EP-A-0620720, the entire contents of which are 
expressly incorporated herein by reference. 

The use of a large-area collector enables an averaged mixture of wound fluid to 
25 be obtained from relatively low or medium exuding wounds. In some cases it may even 
so be desirable to increase the volume of liquid being passed to the sensing or 
indicating device, and this can be done by supplying a washing liquid, such as a sterile 
saline, to the wound surface in a distributed fashion in order to dilute and wash out the 
wound fluid. In these embodiments the apparatus may further comprises a liquid 
30 supply port for supplying such a liquid to the wound. Preferably, the liquid supply port 
is linked to a distributed outlet on the wound facing side of the apparatus through a 
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suitable manifold, and some embodiments the distributed outlet may be the same as the 
distributed inlet by use of a suitable valve arrangement to alternate the supply and 
removal of liquid from the wound surface. 

5 The apparatus according to the present invention further comprises a sensing or 

indicating device for detecting the presence of a wound fluid marker in the wound fluid 
mixture. The device is integral to the apparatus according to the invention, and 
therefore removes the need for wound fluid analysis at a remote location. Preferably, 
the device undergoes a visible change (which term includes a change that is visible 
10 under ultra-violet light) in the presence of the wound fluid marker. Accordingly, the 
sensing or indicating device is preferably visible through a transparent sidewall of the 
apparatus so as to give a visible indication to a patient or care giver 

Preferably, the sensing or indicating device contains one or more immunological 
binding partners to bind one or more indicator molecules present in the wound fluid. 
The inmiunological binding partners may for example comprise monoclonal or 
polyclonal antibodies, antibody fragments, or chimeric antibodies. Altematively, the 
immunological binding partners may comprise antigens in cases where the presence of 
predetermined antibodies in the wound fluid is being detected. Preferably, the 
immunological binding partners comprise monoclonal antibodies. Preferably, the 
inununological other binding partners are immobilised on a support, for example by 
avidin-biotin linking or dialdehyde derivatisation of the support material followed by 
cross-linking to a peptide binding partner. 

The support comprising inmiunological or other binding partners may be used in 
25 a range of immunoassays to detect the presence of biologically active molecules in the 
wound fluid. For example, the supports having antibodies or antibody fragments bound 
thereto may be used in sandwich immunoassay-type detection. 

Alternatively, the substrate may have analog ligands bound to the antibodies, 
whereby the molecules present in the wound fluid are detected by affinity displacement 

4 



15 



20 



JJM-0608USNP 

immunoassay. Various other immunoassays will be apparent to persons skilled in the 
art. 

In other preferred embodiments, the sensing or detecting device in the apparatus 
according to the present invention comprises a chemiluminescent chromogenic or 
5 fluorogenic substrate for an enzyme present in the wound fluid. 

The sensing or indicating device in the apparatus according to the present 
invention can be used to detect a wide variety of molecules that are present in wound 
fluid. The device may also measure pH and/or dissolved gases 

Preferably, the device detects one or more molecules that are indicative of a 
wound healing disorder or infection. For example, the device may detect one or more 
molecules selected from the group consisting of: protease enzymes, collagen 
propeptides, collagen telopeptides and collagen crosslinks such as pyrridinoline, 
protease inhibitors, plasmin, lactate dehydrogenase, cathepsins, cytokins, peroxidase 
enzymes, Cortisol free radicals, and growth factors. Preferably, the device detects one or 
more protease enzymes such as matrix metalloproteinases, low molecular weight 
gelatinase and latent or active elastases. For example, the device could detect matrix 
metalloproteinase 2 (MMP2) or matrix metalloproteinase 9 (MMP9). The protease 
enzymes are preferably detected by reaction with chromogenic or fluorogenic substrates 
bound to the detector device, such as Dnp-Pro-6-cyclohexyl-Ala-Gly-Cys(Mu)-His-Ala- 
Lys-(N-Me-Abz)-NH2 (available from Bachem Inc., for MMP9 and 1). Otiier 
chromogenic substrates such as gelatin-Texas Red and gelatin- Azo Brilliant Blue could 
be used to detect these molecules. 

In other embodiments, the device detects an alkaline phosphatase (ALP) enzyme 
25 present in the wound. It is known that extracellular ALP levels are elevated in healing 
wounds. The device could, for example, comprise a substrate for ALP such as p- 
nitrophenyl phosphate. Alternatively or additionally, the detector could comprise an 
inmiunological binding partner for ALP. 

5 
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Another preferred apparatus according to the present invention detects the 
presence of elevated levels of elastase in the wound fluid, since this has been found to 
be a good indicator of pre-clinical wound infection. 

5 In a further aspect the present invention provides a method of determining the 

condition of a wound comprising applying an apparatus according to the present 
invention to a surface of the wound, and using the apparatus to detect the presence or 
absence of a wound marker in a wound fluid mixture received by the apparatus. 
Preferably, the apparatus is applied to the surface of the wound for a period of from 1 
10 minute to 1 day, more preferably from 10 minutes to 1 hour. This may be dictated by 
levels of exudates for purpose of maximal utility. 

In those embodiments in which suction is used, a dressing is usually applied 
over the apparatus, and in certain preferred embodiments the dressing is essentially 
15 airtight, and suction is applied through the apparatus to lower the pressure at the wound 
surface to a level below about 700mm Hg absolute, preferably below about 680mm Hg 
absolute. In certain embodiments, suction may be applied through the apparatus in order 
to draw wound fluid into the apparatus and over the detector. 

20 An embodiment of the present invention will now be described further, by way 

of example, with reference to the accompanying drawings. 

Brief Description of the Drawings 

Figure- 1 shows a schematic longitudinal cross-section through a first apparatus 
25 according to the present invention for application to a large-area wound. 

Figure 2 shows a schematic longitudinal cross-section through a second 
apparatus according to the present invention having a suction device to draw wound 
fluid through the apparatus; 

30 Figure 3 shows a schematic longitudinal cross-section through a third apparatus 

according to the present invention that has been applied to a sinus cavity wound; and 
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Figure 4 shows a schematic longitudinal cross-section through a fourth 
apparatus according to the present invention that has been applied to a cavity wound. 

5 Detailed Description of the Drawings 

Referring to Figure 1 , the apparatus comprises a semi-rigid disk housing 1 of 
polyethylene having a diameter of approximately 5cm and a thickness of approximately 
10mm. A lower surface 2 has an array of openings 3 each holding the open end of a 
respective capillary tube 4 made from flexible polypropylene of 1 mm diameter. The 
10 capillary tubes 4 are gathered together into a manifold 5 leading to a mixing duct 6. The 
mixing duct 6 leads to a compartment 7 containing an indicator strip 8, and having a 
transparent window 9. 

In use, the apparatus is applied to a wound bed, and wound fluid is drawn out of 
15 the wound bed through the capillaries and mixing duct to the indicator strip. 

The indicator strip is formed by soaking a sheet of Whatman No.l filter paper 
ovemight at room temperature in a 1 millimolar aqueous solution of the elastase 
chromogenic substrate MeO-Suc-Ala- Ala-Pro- Val-(p-nitroanilide) supplied by 
Calbiochem Limited. This substrate releases yellow coloured p-nitro2milide dye when 
20 the peptide sequence is cleaved by an elastase enzyme. The filter paper is dried at 40°C 
following the soaking step. 

Referring to Figure 2, the apparatus 10 shown consists of an absorbent or 
wicking sponge material 1 1 such as polyurethane foam encased in a polyethylene 
25 molded disc housing 12. The face 13 of the disc housing that will contact the wound 

fluid is permeable (perforated) to allow fluid to soak into the absorbent 11. The wound 
fluid is drawn out of the absorbent foam, through a mixing channel, and over the 
indicator device 14 by use of a syringe 15. 

Referring to Fig 3, a plurality of capillary tubes 16 similar to those in the 
30 apparatus of Example 1 extend within a spunbonded nylon pouch 17 to different 
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lengths in order to ensure adequate collection of fluid throughout a sinus. The greatest 
concentration of capillary tubes are at the end 18 of the flexible device where wound 
fluid is most likely pool. Fluid collection is assisted by use of a syringe 19 attached to 
the pouch. This action will also draw the fluid over the indicator device 20. 

Referring to Fig. 4, an absorbent material 20 such as polyurethane sponge is 
contained within a spunbonded nylon pouch 21 connected to a device containing an 
indicator strip 22 and further attached to a syringe 23 to draw the wound fluid over the 
indicator strip. 

The above embodiments have been described by way of example. Many other 
embodiments falling within the scope of the accompanying claims will be apparent to 
the skilled reader. 
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